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Our Ref: 2000FJ648 
Translation of 

Japanese Patent Application (Laid Open Patent Application), 
Publication No. 02-212911 

Date of Publication: 24 Aug. 1990 

Date of Application: 14 Feb. 1989 Application No: 01-33973 

Applicants: Matsushita Electric Ind, Ltd. Inventors: M. Nakagawa 

1. Title: 

METHOD FOR SYNCHRONIZING TIME UNITS 

2. Scope of Claims 

Method of synchronizing time kept by a randomly selected time unit pair among a plurality of time 
units, in which in particular, one time unit of the time unit pair sends a response-request-signal to a 
time processing means held by the other time unit of the time unit pair, the time processing means 
sends back to the one time unit of the time unit pair, a response-signal of the time processing means, 
the response-signal emission-time information and the response-request-signal arrival-time 
information, and the one time unit of the time unit pair conducts a calculation over an arrival time of 
the response-signal, the response-signal time information received from the other time unit of the 
time unit pair and the emission time of the response-request signal, for adjusting the time kept by the 
one time unit of the time unit pair to synchronize with the time kept by the other time unit of the 
time unit pair. 

3. Detailed Explanation of the Invention 

[ Industrial Field ] 

The present invention is a method relating to synchronization of time units each of which has a time 
processing means. 

< Sub-sections, [Related Art] through to [Operation] under this section 3, are not 
translated. > 

[Embodiment] 

Below are an explanation and drawings of an embodiment of the invention. 

Fig. 1 shows a configuration comprising a pair of computers connected to each other by a 

communication line. In Fig. 1, 1 is the memory of the No. 1 computer, 2 is the time unit of the No. 1 
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computer, 3 is the communication unit of the No.l computer, 4 is the register of the No.l computer, 
5 is the operating unit of the No.l computer, 6 is the control unit of die No.l computer, 7 is the 
communication line, 8 is the communication unit of the No.2 computer, 9 is the time unit of the No.2 
computer, 10 is the memory of the No.2 computer, 11 is the register of the No.2 computer, 12 is the 
operating unit of the No.2 computer and 13 is the control unit of the No.2 computer. Fig.2 is the 
explanation of the operation with the above explained configuration. In Fig.2, 14 is the emission 
time of a response request signal, 15 is the response request signal, 16 is the arrival time of the 
response request signal, 17 is the emission time of a response signal, 18 is the response signal, 19 is 
the arrival time of the response signal, 20 is a set of communication data containing the 
response-request-signal arrival time information and the response-signal emission time information, 
21 is a time assigned to the No.l computer side and 22 is the time to which the time of the No.l 
computer side is adjusted for synchronizing with that of the No.2 computer side. 
From here the operation with the pair of computers connected by a communication line as in the 
configuration above, is explained. 

Firstly, the time processing means constituting a program stored in the memory of the No. 1 
computer generates and emits a response request signal IS from the communication unit 3 through 
the communication line 7 to the communication unit 8 of the No.2 computer, records at the register 4 
of the No.l computer the time kept at the time unit 2 of the No.l computer at this instant as the 
emission time 14 of the response request signal 15 and waits for a response signal 18 from the No.2 
computer to arrive at the communication unit 3 of the No. 1 computer. The time processing unit 
constituting a program stored in the memory 10 of the No.2 computer waits for a response request 
signal 15 to arrive at the communication unit 8 of the No.2 computer from die communication unit 3 
of the No. 1 computer and on arrival of the response request signal 15, records at the register 1 1 of 
the No.2 computer the time kept by the time unit 9 of the No.2 computer at this instant as the arrival 
time 16 of the response request signal 15, emits the response signal 18 from the communication unit 
8 of the No.2 computer through the communication line 7 to the communication unit 3 of the No. 1 
computer, records at the register 11 of the No.2 computer the time kept by the time unit 9 of the No.2 
computer at this instant as the emission time 1 7 of the response signal 1 8, composes the 
communication data 20 from values of the arrival time 16 of the response request signal 15 and the 
emission time 17 of the response signal 1 8 and sends the communication data 20 to the 
communication unit 3 of the No.l computer from the communication unit 8 of the No.2 computer 
through the communication line 7. 

The time processing means of the No.l computer, on receipt of the response signal 18 arriving from 
the communication unit 8 of the No.2 computer, records the time kept by the time unit 2 of the No. 1 
computer at the register 4 of the No.l computer as the arrival time 19 of the response signal 18, and 
on receipt of both the arrival time 16 of the response request signal 15 and the emission time 17 of 
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the response signal 1 8 from the communication unit 8 of the No.2 computer, records both the arrival 
time 16 of the response request signal 15 and the emission time 17 of the response signal 18 at the 
register 4 of the No.l computer, and further nominates to be recorded at the register 4, a time 21 
obtained by adding any arbitrary taken time duration between one tenth and one hundredth of a 
second, which is considered to be sufficiently longer than the time taken for a time calculation, to the 
time having been kept by the time unit 2 of the No. 1 computer as the time at which a 
synchronization is to be performed with the No. 1 computer side. The time processing means of the 
No. 1 computer further has the operating unit 5 of the No. 1 computer calculate the adjustment time 
22 by a calculating operation equivalent to the formula shown as (1) below using the emission time 
14 of the response request signal IS of the No.l computer and the arrival time 19 of the response 
signal 18, both of which are recorded at the register 4 of the No. 1 computer, the arrival time 16 of 
the response request signal 15, the emission time 1 7 of the response signal 1 8 of the No.2 computer 
side and the time 21 having been nominated for the time unit 2 of the No.l computer, and records at 
die register 4 the adjustment time 22 to which the time of die No.l computer side is to be 
synchronized 

Adjustment time 22 = { 2 x Assignment time 21 

- Response signal arrival time 19 

+ Response signal emission time 1 7 

+ Response request signal arrival time 1 6 

- Response request signal emission time 14 } 

+ 2 (1) 

At the time 21 nominated for the No.l computer side, the time unit 2 of the No.l computer is 
assigned with the adjustment time 22, which is derived according to the above formula (1). 
In the foregoing explanation, it is assumed that a pair of computers are provided with die system but 
the same method can be applied equally to a system with 3 or more computers. It is also assumed 
that the time synchronization process is controlled by a time processing means constituting a 
program held in a memory, but the time processing means can be configured by hardware to achieve 
the same objective. 

[Effect of the Invention ] 

According to the present invention, it is possible to achieve excellent time synchronization among 
time units with which both the time delays resulting from a signal traveling along a communication 
line and from a communication unit processing a signal, are adjusted by recording times of arrival 
and emission of a response request signal and a response signal. 

[ Explanation of Drawings ] 
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< This sub-section is not translated > 



End of specification 
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1 No. 1 Computer 

1 . Memory 

2. Time Unit 

3. Communication Unit 

4. Register 

5. Operating Unit 

6. Control Unit 



8. Communication Unit 

9. Time Unit 

10. Memory 

11. Register 

12. Operating Unit 

13. Control Unit 



No. 2 Computer 



Operation at the No.1 Computer side 



( START ) 
I — 



Emission of a Response Request Signal 



Writing Time of Emission of the Response 
Request Signal to the Register 



Waiting to Receive a Response Signal 



Receipt of a Response Signal 
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Memorizing Time of Receipt of the Response Signal 



Receipt of Time Info, of the Res. Req. Signal 
Arrival and of the Response Signal Emission 



Memorizing Time info, of the Res. Req. Signal 
Arrival and of the Response Signal Emission 



Calculation for Time Assignment 



Calculation for Time Synchronization 
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Assigning Time Unit with the Synchronized Time 



T 



( END 3 
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Operation at the No.2 Computer side 
( START^) 
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22 



Waiting to receive a Response Request Signal 
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Receipt of Response Request Signal 





T 



Writing Time of Arrival of the Response 
Request Signal to the Register 
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Emission of a Response Signal 



I 



Writing Time of Emission of the 
Response Signal to the Register 



T 



Emission of Time into, of the Res. Req. Signal 
Arrival and of the Response Signal Emission 



I 



( END } 



Time of No.1 Computer side Time of No.2 Computer side 
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Our Ref: 2000FJ648 
Translation of 

Japanese Patent Application (Laid Open Patent Application), 
Publication No. 07-210518 

Date of Publication: 11 Aug. 1995 

Date of Application: 27 Jan. 1994 Application No: 06-7410 

Applicants: Hitachi Ltd and Hitachi Eng. Co. Ltd. Inventors: T Tajima, et al. 

Title: Method for Time Synchronization with Distributed Processing 
Systems 

[Abstract] 

PURPOSE: To synchronize the time clocks for processors in a distributed processing system 
incorporating the factor of time-delay due to data transmission in accordance with a standardized 
schedule even in a situation in which some of the processors within die system are out of operation. 
CONSTITUTION: With a distributed processor system comprising a common communication line 
and a plurality of processors connected to the common communication line via respective 
transmission control units, wherein in particular, the time synchronization among the processors is 
achieved incorporating the time delay for data transmission along the common communication line, 
by providing with the distributed processor system the function of emitting a time signal to the 
common communication line at a fixed time interval and with each of the processors the function of 
adjusting the time information within the respective processor in reference to the time signal 
received from the common communication line and the information on time required for the time 
signal to travel to the respective processor. 

EFFECT: According to die present invention, it is possible to achieve a stable time synchronization 
being independent from the variation in die communication line distance among processors. It is also 
possible to achieve a time synchronization irrespective to in-operation / out-of-operation statuses of 
some processors within the distributed processor system. 

[Scope of Claims] 

< All sections from here down are not translated > 
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